Recently, the Neotropical brown stink bug, Euschistus heros (Pentatomidae: Hemiptera), has been detected in cotton in the Brazilian Cerrado. Several reliable surveys have been conducted on the spatial distribution of stink bugs in soybean; however, few studies have examined the behavior of this insect in cotton in Brazil. Thus, this study examined the spatial distribution of E. heros in cotton using aggregation indices based on the variance-to-mean ratio, Morisita index, exponent k, Poisson and negative binomial distributions. Inverse Distance Weighting interpolation maps were also used to represent insect density. The study was conducted in a 1.1 hectare experimental cotton field in which 64 equally-sized plots were sampled on a weekly basis. Our findings revealed that stink bugs presented an aggregate distribution in 2 sampling weeks based on aggregation indices, and this pattern was best described by a negative binomial distribution. Maps showing the density of pests can be an important tool for sampling pests in crops and control measures in early stages of infestation, when there is an edge effect on the distribution of E. heros, can be an efficient strategy in cotton.
INTRODUCTION
The Neotropical brown stink bug, Euschistus heros (Hemiptera: Pentatomidae) (F.), usually occurs in the cotton and is becoming an economically important pest for Brazilian cotton growers (Soria et al. 2009 ). In Brazil, E. heros is the species with the highest incidence in cotton fields (Soria et al. 2009 ). Most stink bugs attack cotton fields during the development of cotton bolls, causing immaturity, stained lint, general loss of fiber quality, and reduced yield (Reay-Jones et al. 2009 ). Stink bugs feeding on cotton can also result in indirect damage due to the transmission of pathogens, such as the bacterium Pantoea agglomerans, which causes cotton boll rot (Medrano et al. 2007 ).
The high incidence of E. heros is caused by the simultaneous sowing of soybean and cotton, in which stink bugs migrate from the former to the latter. This occurs due to an inefficient pest control 3484 ANDERSON C. WEBER et al. in soybean, high density of insects, and dispersion of the pest population from one area to another in search of food, and the attacks coincide with the formation of bolls, the most critical stage in the development of cotton (Soria et al. 2010 (Soria et al. , 2009 . Integrated pest management depends on an efficient sampling method that is essential when deciding to perform an effective pest control. Spatial distribution models can identify when a species has a regular, random, or aggregated spatial distribution in field, in which probabilistic models of Poisson, positive and negative binomial distributions are respectively used to describe the types of pattern of a pest (Young and Young 1998) .
The use of surface maps increases the understanding of the spatial interactions of an organism within a given area. These maps of geospatial variability are very accurate for Integrated Pest Management (Fleisher et al. 1999) . The interpolation of the data from the sampling area consists of generating data from non-sampled sites, with the construction of surface models or surface maps. Among the methods of interpolation, the Inverse Distance Weighting (IDW) can be used to assist in evaluating the spatial distribution of stink bugs in cotton growing areas (Reay-Jones et al. 2010) . Therefore, we investigated the spatial distribution pattern of the Neotropical brown stink bug, E. heros, in cotton to develop management strategies for this pest.
MATERIALS AND METHODS
The study was carried out at the Experimental Farm of Agricultural Sciences of the Federal University of Grande Dourados (Fazenda Experimental de Ciências Agrárias da Universidade Federal da Grande Dourados -FAECA UFGD), located in the municipality of Dourados (MS), latitude 22º 14' 07'' S and longitude 54º 59' 17" W. The area consisted of 1.1 hectare experimental field cultivated with cotton variety FiberMax ® 910, and corn planted around the edges to isolate it from stink bugs present in surrounding soybean fields in different infestation levels, and appropriate management practices were carried out when needed. For sampling purposes, the experimental field was divided into 64 equally-sized (13 x 13m) plots. In each plot, two whole cotton plants in the central lines were examined weekly, during the entire growing season, starting at 7 DAE (days after emergence) up to 118 DAE, and counts of adults of E. heros were obtained for each plot directly in the plant
The numbers of adults of stink bugs obtained in cotton in each plots were used to determine the spatial distribution of the population. Stink bugs were found in nine of 14 sampling dates, , between 64 DAE and 118 DAE, which were used to calculate the mean, variance, and aggregation indices. Sampling dates in which the insects did not occur (from 7 DAE to 57 DAE) were not included. Dispersion indices were obtained to determine the type of spatial distribution of the pest in the field. Also, the Poisson and negative binomial distributions were fitted to the data to test observed and expected frequencies.
DISPERSION INDICES
The variance/mean ratio (I=s²/m) measures the deviation of an arrangement from randomness. 
RESULTS
The number of adult insects per plot recorded weekly was highly variable and the observed frequency of stink bugs was low at 64 DAE and 70 DAE. The first occurrence of E. heros was observed at 64 DAE when cotton plants were in the reproductive development stage, with only two classes in the beginning of the study and reaching up to five classes in the last sampling dates.
In the beginning of this study, only one insect was observed per sample plot. Class zero represents the frequency of 0s and class one includes the frequency of 1s (Fig. 1 ). In the first and second sampling dates, insects were found in the plots on the edge of the cotton field ( Fig. 2) , indicating the arrival of the pest from adjacent areas planted with corn.
Based on the variance/mean ratio, the level of aggregation of E. heros adults was low in the cotton field. Thus, values were statistically lower than the threshold, except for the samples at 106 DAE and 118 DAE, showing that stink bugs were aggregated only in these two dates. In all others, a random distribution of insects was observed in cotton plots (Table I) .
The Morisita index was statistically similar to the variance/mean ratio ( Table I ), indicating that stink bugs were aggregated in only in the samples at 106 DAE and 118 DAE, tending to a random distribution.
The results of the exponent k of the negative binomial distribution, however, suggested that stink bugs were more aggregated in the cotton field. The exponent k obtained with the method of moments (MM) was between 0 and 8, suggesting an aggregated distribution in most sampling dates (84, 90, 96, 106, 111 and 118 DAE) in the field (Table I) . These values are similar to some of those obtained for the Morisita index and the variance/ mean ratio. one indicate a uniform or regular distribution. The chi-square test is used to reject randomness when the calculated X² is greater than the table value.
The exponent k of the negative binomial distribution can be determined with the Method of Moments (MM) or Maximum Likelihood Estimation (MLE) (Young and Young 1998) . In the present study, MM was used to estimate this exponent, which indicates aggregation when k> 0 and k <8, where k <0> 8 indicates a random distribution.
FREQUENCY DISTRIBUTION
The Poisson and negative binomial distributions were used as models for the population samples. The Poisson distribution indicates randomness and is characterized by a variance equal to the mean, using only the sample mean as the parameter of evaluation. On the other hand, the negative binomial distribution indicates spatial aggregation and is characterized by a variance greater than average, using as parameters the sample mean and the exponent k (Young and Young 1998).
Therefore, the theoretical frequency distributions used to evaluate the spatial distribution of E. heros in the cotton field were fitted to the data with the chi-square goodness-of-fit test (X²), which compares observed and expected frequencies (Young and Young 1998). The observed frequencies of the data collected were assigned into classes; each class represented the numerical value for the observed and expected frequency of E. heros of the sampling. The level of significance was set at 5%.
SPATIAL ANALYSIS WITH THE GEOGRAPHIC INFORMATION SYSTEM
For the representation of the statistical models, surface maps of the site were obtained with Inverse Distance Weighted (IDW) interpolation, using the Software QGIS® (www.qgis.org). The maps described the population density of stink bugs in the experimental field. For the chi-square goodness-of-fit test, the value obtained with N-1 degrees of freedom and significance level of 5% was 82,529. Thus, all X² values calculated lower than the table value were rejected, and did not reach the threshold to be considered aggregated.
In the present study, the negative binomial distribution best described the frequency of stink bugs, although there is also adjustment for the Poisson distribution, the Chi-square values of the Negative Binomial Distribution are smaller in relation to those of Poisson; this indicates a better fit for Negative Binomial. Also, by the surface maps (Figure 2 ) it is possible to observe an aggregate distribution of the population. The number of classes of frequency of stink bugs was insufficient until 90 DAE (Table II) . This distribution is characterized by a variance greater than the mean (s² > ) and thus, the negative binomial distribution significantly fitted the data, reflecting the aggregation pattern of the brown stink bug in cotton. The samples of E. heros analyzed with chisquare test were not significant.
The data obtained for the Neotropical brown stink bug were also tested to Poisson distribution, however, there were not good adjustment because it is characterized by a variance equal to the mean.
The negative binomial and Poisson distributions were sufficient to identify the best spatial pattern to describe the Neotropical brown stink bug in cotton. Thus, the results suggest that E. heros adults were aggregated in the cotton field, and is best described by the negative binomial distribution, since variance values were higher than the mean, besides the negative binomial values were lower than those obtained for the Poisson distribution, approaching zero.
SPATIAL ANALYSIS WITH GEOGRAPHIC INFORMATION SYSTEM
The surface maps made for each sampling revealed the areas with higher density of stink SPATIAL DISTRIBUTION OF THE BROWN STINK BUG 3487
bugs. The initial pattern of insects sampled showed the colonization of cotton field edges near corn, indicating that E. heros dispersed from corn to cotton. (Fig. 2) . Inverse Distance Weighting (IDW) interpolations indicated the areas of the first occurrences of stink bugs in the plots. The initial pattern of the insects was on the edge of the cotton field and at 77 DAE, stink bugs was found within the field. The population peaked at 96 DAE (Fig. 2) . Thus, a control method focused on the edges of the field could be effective in early stages of E. heros infestations. However, once stink bugs are settled in the area, the entire field needs to be treated.
The maps showed the areas with the highest population densities of stink bugs, which were aggregated based on the variance/mean ratio and Morisita index. These parameters can be compared with 96 to 118 DAE interpolated maps representing the data described by the Negative Binomial Distribution (Fig. 2) .
DISCUSSION
After the third week, a significant increase in the E. heros population was observed in the area, which fluctuated constantly during the sampling weeks in the study area (Fig. 1) . This variation within the field can be associated with the movement of insects searching for food. According to Azambuja et al. (2013) , E. heros attacks cotton due to the shortage of other foods, becoming an alternative pest in the crop, although Edessa meditabunda also normally develops on this crop (Azambuja et al. 2015) .
Stink bugs movement between closely associated host plants throughout the growing season may be a response to a decrease in the availability of their current host plants (Jones and Sullivan 1982 , Velasco and Walter 1992 , Ehler 2000 , Tillman and Cottrell 2016a . Crop-to-crop dispersal of stink bug species has been reported for many cropping systems (Tillman et al. 2009 , Tillman 2011 , Reisig et al. 2013 . When stink bugs disperse from one crop to another, they aggregate at field borders. Therefore, there is a pronounced edge effect observed in the distribution of stink bugs as they colonize a new crop (Zalom et al. 1997 , Espino et al. 2008 , Reay-Jones 2010 Olson et al. 2012 , Reisig et al. 2013 .
Regarding the spatial distribution of phytophagous stink bugs, Todd and Herzog (1980) reported an aggregated pattern for the green stink bug Nezara viridula in southeastern United States. In addition to dietary habits, Tillman and Cottrell (2016b) reported that pheromones, such as aggregation pheromones, can influence the mobility of stink bugs and consequently their spatial distribution. Thus the movement of insects to the cotton field can occur as a result of the presence of neighboring host plants and the availability of a new food source.
Our findings indicate an aggregate distribution pattern of E. heros in cotton, corroborating other studies and it is best described by the negative binomial distribution (Santos et al. 2004 , Souza 2012 . Therefore, stink bugs can move into cotton by the edges of the field and cluster in different places at each sampling date, possibly as a result of the phenological stage of cotton plants and the search for food (Reisig et al. 2015) .
Considering all sampling dates, infestation levels were low until 84 DAE and the first incidence of insects were observed in plots on the edges of the field indicating a classic edge effect. Soria et al. (2010) reported that the presence of E. heros depends on the phenological stage of cotton plants and that in most cases, stink bugs migrate to cotton from surrounding crops. Pilkay et al. (2015) also found a higher incidence of stink bugs in crops cultivated near areas planted with soybeans.
Stink bugs of the Pentatomidae family, such as N. viridula and E. servus, also have been reported colonizing agricultural landscapes from the edges of the crop (Edge Effect) and then dispersing in the field or to other crops, in which the height of the plant can influence its dispersion suggesting that larger plants could function as a natural barrier in the dispersal of bed bugs, as observed by Tillman (2014) . Further studies are needed on plants as barriers as an alternative to hinder the dispersion and distribution of stink bugs .
SPATIAL ANALYSIS WITH GEOGRAPHIC INFORMATION SYSTEM
Several studies have been carried out to determine the spatial distribution of insects in cash crops. The mean and variance are used to determine the distribution pattern of an insect but do not take into account the location of the pest in the area. ReayJones et al. (2010) demonstrated that pentatomids have an aggregate pattern in cotton fields, using statistical methods and mapping based on Inverse Distance Weighting (IDW) interpolation. Thus, surface maps may be more effective to identify the location of insects in the study area and to show the spatial distribution of the insect during its establishment in the field.
Based on studies conducted in the United States on pentatomids, Reay-Jones et al. (2010) reported that mapping stink bug density and damage to cotton bolls are effective ways to describe both variables.
Moradi-Vajargah et al. (2011) suggested the Taylor
Regression model to assist the identification of distribution patterns of pests.
With the use of surface maps, the areas with the highest densities of stink bugs can be identified. The areas with greater damage to cotton plants caused by the insects may be different than those with higher densities, thus suggesting the need to assess cotton boll damage (Pulakkatu-Thodi et al. 2014) .
CONCLUSIONS
The distribution of brown stink bug was aggregated based on the variance/mean ratio, the Morisita index, and the exponent k of the negative binomial distribution.
The negative binomial distribution was able to describe the aggregation of E. heros and our findings may be useful in future sampling plans in cotton.
Sampling maps can be a useful tool to monitor agricultural pests, to identify their initial spatial location, and to determine their distribution within the cotton field. 2 DAE = days after emergence; X² = calculated chi-square; DF = degrees of freedom; NS = Not significant at the 5% probability level; i= insufficient number of classes.
